Fractures of the clavicle are common and seen across all age groups. The traditional treatment of midshaft clavicle fractures has been conservative. Although minimally displaced fractures do well, recent outcome studies have shown higher incidences of fracture malunion, nonunion, and patient dissatisfaction after conservative treatment of displaced midshaft clavicle fractures than previously recognized. In this article, we present a surgical technique for anterograde pinning of displaced midshaft clavicle fractures. For the past 3 years, 24 patients with displaced clavicle fractures have been stabilized with a flexible titanium nail. Twentyone patients have been followed to radiographic and clinical union, whereas 3 were lost to follow-up. All 21 fractures healed after the index procedure. There was 1 delayed union and 3 malunions. One malunion required revision surgery with placement of a structural bone graft. Six patients underwent elective pin removal secondary to skin irritation at the pin site. There were no cases of pin migration. Percutaneous pinning of selected displaced clavicle fractures offers a means of minimally invasive fixation that allows for early range of motion and function and a lower rate of fracture nonunion and malunion compared with conservative treatments. The risks of painful hardware, infection, and nonunion often associated with open reduction and internal fixation can be minimized with percutaneous pin fixation. Keywords: clavicle, percutaneous pin fixation, fracture C lavicle fractures are very common, representing 4% to 5% of all fractures in adults. These injuries are seen across multiple age groups but are most prevalent in the young and physically active. It is estimated that 70% to 75% of clavicle fractures are seen in the middle third of the bone.
C lavicle fractures are very common, representing 4% to 5% of all fractures in adults. These injuries are seen across multiple age groups but are most prevalent in the young and physically active. It is estimated that 70% to 75% of clavicle fractures are seen in the middle third of the bone. 1, 2 Because of the energy of the injury and the deforming forces across the shoulder girdle, a significant percentage of injuries results in displacement and shortening at the fracture. Historically, the preferred method of treatment of midshaft clavicle fractures has been conservative. The traditional literature regarding conservative treatment of clavicle fractures has shown good results. 3Y8 These reports combined with the complications associated with the early types of internal fixation have perpetuated the notion that midshaft clavicle fractures are best treated conservatively.
Recent outcome studies regarding clavicle fractures have been more dependent on functional outcome and patient self-assessment scales. These studies have challenged the thought that most displaced midshaft clavicle fractures do well with conservative treatment. Hill et al, in a retrospective review, reported a 15% incidence of nonunion and a 31% patient dissatisfaction rate in a group of 52 patients with selected displaced middle-third clavicle fractures treated conservatively. 9 The authors noted that initial shortening of 2 cm or more was highly associated with both nonunion and the chance of an unsatisfactory result. Eskola et al retrospectively reported the results of a series of clavicle fractures at a minimum of 2 years follow-up. 4 Those fractures associated with more than 15 mm of shortening were associated with more pain than those without shortening. Likewise, Lazarides and Zafiropoulos correlated shortening of the clavicle to unsatisfactory results after conservative treatment of fractures of the middle third of the clavicle. 10 Patient dissatisfaction was correlated with final shortening of 18 and 14 mm in men and women, respectively. Robinson et al followed 581 diaphyseal clavicle fractures prospectively for a minimum of 24 weeks or until radiographic union. 11 The authors reported a 4.5% nonunion rate for diaphyseal fractures. The risk of nonunion was significantly increased by advancing age, displacement of the fracture, female sex, and fracture comminution.
Nowak et al reported the results of clavicle fractures treated conservatively in a group of 208 patients. 12 This was a prospective series with a 9-to 10-year follow-up. One hundred fifty-one fractures involved the middle third of the clavicle. For all fracture types treated conservatively, the nonunion rate was 7%. Forty-six percent of patients reported some sequelae (pain at rest, pain with activity, or cosmetic deformity) at final follow-up. Lack of boney contact, fracture comminution, and older age significantly increased the risks of residual symptoms. A recent meta-analysis examined studies dealing with the treatment of middle-third clavicle fractures. 13 The rate of nonunion of all fractures treated conservatively was 5.9%, for displaced fractures the rate of nonunion with conservative treatment was 15.1%. In those displaced fractures treated with open reduction and internal fixation, the rate of nonunion was 2.2%. Intramedullary fixation of fractures resulted in nonunion rates of 1.6% and 2.0% for all fractures and displaced fractures, respectively. Although recent studies help to support the idea that displaced clavicle fractures are at risk for complications with conservative management, the need for controlled randomized studies to determine the best method of treatment of these injuries continues.
Several authors have advocated treating displaced clavicle fractures with open reduction and internal fixation. Historically, several forms of fixation have been used to stabilize these injuries, including plate-and-screw constructs of various sizes, Knowles pins, K-wires, threaded pins, and elastic nails. Because of the multiple surgical constructs and the variable selection criteria and outcome scales implemented in these studies, it has been difficult to determine which fracture patterns are best treated surgically and which forms of fixation are the most desirable. In addition, most types of fixation have been associated with significant risks of complications including infection, nonunion, painful hardware, hardware failure, neurological injury, and pin migration with resultant need for repeat surgery.
Intramedullary fixation of displaced clavicle fractures has been advocated by several authors.
14Y18 Proponents of this type of fixation have cited several advantages to this technique, including limited exposure with minimal soft tissue stripping, ease of the procedure, and favorable healing rates. Jubel et al, in 2003, reported a technique of intramedullary fixation of displaced midshaft clavicle fractures using flexible titanium nails.
14 This technique involves the placement of a flexible blunt-tipped nail across the fracture in an anterograde fashion. This technique is advantageous to plate and screw constructs because it can performed more quickly and with less soft tissue disruption. In addition, the risk of infection and unsightly or painful scars and hardware is minimized. Because the nails are inserted anterograde, the risk for neurovascular injury is much lower. Because of the minimally invasive nature of the procedure, early range of motion and rehabilitation of the extremity are well tolerated. Since 2002, this technique has become the senior author's preferred method of stabilizing acute, severely displaced midshaft clavicle fractures.
| INDICATIONS AND CONTRAINDICATIONS
It is our belief that the majority of midshaft clavicle fractures will do well with conservative treatment. We reserve percutaneous pinning of these injuries for those fractures identified for increased risk of fracture nonunion, malunion, or poor clinical outcome. We believe that percutaneous fixation also allows easier early rehabilitation and return of shoulder motion in young active patients and athletes.
The primary indication for percutaneous fixation of acute clavicle fractures is complete fracture displacement and shortening of more than 1.5 cm or fracture comminution. These fracture types have been associated with an increased risk of nonunion and painful malunion with conservative treatment. Percutaneous fixation can also be used after debridement of open clavicle fractures where provisional fixation is desired. We offer this treatment to athletes or very active patients with displaced fractures to allow earlier return to activity. Fracture fixation is desirable in situations with impending skin compromise secondary to fracture displacement, vascular compromise, progressive neurological loss, floating shoulder injuries, in those with multiple trauma, and in those with expected prolonged recumbency. This technique can be used in patients with an open medial clavicle physis so long as the entry point is modified and the canal is large enough to accommodate an elastic nail. We have typically only performed this procedure in those that are at or near skeletal maturity.
This technique is should be reserved for fractures of the middle third of the clavicle. Percutaneous clavicle fixation should not be attempted later than 3 weeks (and becomes significantly more difficult more than week) from injury where early callus would obstruct passage of the pin and prevent proper fracture reduction. This percutaneous technique is not indicated for established fracture nonunions/malunions, although it is possible to perform an open reduction and anterograde flexible nailing in those cases.
Techniques in Shoulder and Elbow Surgery
Fractures associated with neurovascular injury requiring repair are probably best treated with open reduction and internal fixation.
| PREOPERATIVE PLANNING
Standard radiographs of the clavicle are obtained. These include an anteroposterior view of the clavicle as well as the cranial and caudal tilt views. Care is taken to ensure that the entire clavicle is well visualized to rule out segmental fractures as well as injuries to the acromioclavicular and sternoclavicular joints. These views alone are generally adequate to quantify the degree of displacement, shortening, and comminution of the fracture. Routine use of advanced imaging such as CT scans is not warranted unless clinical suspicion of injury to the sternoclavicular joint is present.
| SURGICAL TECHNIQUE Equipment
Elastic titanium nail set (Synthes, West Chester, Pa), diameters of 2.5 to 3.5 mm Power source Radiolucent table  Fluoroscopy  Basic open orthopedic instruments The patient is positioned supine on a flat radiolucent bed and slid as far toward the foot of the bed as possible to allow more room for maneuver of the C-arm. The trunk is brought to the edge of the table on the operative side. A small rolled towel is placed between the scapulae posteriorly. This promotes reduction of the fracture particularly when shortening is noted. Fluoroscopic images are obtained before sterile prep. Fluoroscopy is brought in at an angle from the top of the bed on the operative side (Fig. 1) . The fluoroscopy unit is positioned to obtain near orthogonal images without moving the base of the machine. Images include a cephalic and caudal tilt view. The extremity is prepped and draped with the arm free (Fig. 1) . Manipulation of the extremity can help reduce displaced fractures. The drapes should be extended to include the anterior chest to the sternum and the lateral cervical area.
The starting point is obtained with the aid of fluoroscopy. All percutaneous nails are placed from a medial to lateral direction so that they are driven across the fracture site while traveling away from the central neurovascular structures. The entry point in the clavicle is A, Fluoroscopy is used to localize the skin incision. The point of entrance into the clavicle is 3 to 4 cm lateral to the sternoclavicular joint on the ventral aspect of the clavicle. B, The skin is incised approximately 2 cm medial to the desired point of entry into the clavicle after localization with fluoroscopy. The drill guide is then advanced to the bone at an angle allowing for entry of the drill into the bone.
Volume 7, Issue 4 3 to 4 cm lateral to the sternoclavicular joint on the anterior surface of the bone ( Fig. 2A) . This point is localized with fluoroscopy, and a 5-to 10-mm skin incision is made 2 cm medial to the entry point in the clavicle (Fig. 2B) . After skin incision, the subcutaneous tissue is spread, and a drill guide is placed onto the anterior aspect of the bone angled laterally at the desired point of entry in to the bone. The drill size should be several millimeters larger than the anticipated nail diameter to facilitate passage through the bone. The anterior cortex is drilled at a 30-to 45-angle from the horizon after confirming adequate position fluoroscopically (Fig. 3) . We recommend that the surgeon stabilize the drill guide on the clavicle with both hands while someone else drills the hole to prevent it sliding off the bone.
A 2.5-to 3.5-mm nail can be used depending on the size of the patient. If the hook at the end of the nail is cut off with a wire cutter, a significantly larger nail can be inserted than is possible with the hook present. The nail is advanced through the drill hole into the medullary canal of the clavicle. The nail is advanced a very short distance, and orthogonal fluoroscopic images are obtained to confirm that the pin is within the bone (Fig. 4A, B) . A T-handle quick-release chuck is used to advance the nail to the fracture site. Typically, the nail can be advanced by hand when combined with rotational forces but a mallet may be used as needed (Fig. 5) . The blunt and curved tips of the pediatric titanium nails are ideal for passage in the small canal of the clavicle without penetrating the cortical bone.
The nail is advanced to the level of the fracture. The fracture can often be reduced by manipulation of the arm. An army navy retractor can be used to pull inferiorly on the medial fragment and the arm itself pushed proximally to move the lateral fragment superiorly. Frequently, the authors have used percutaneous towel clips to manipulate the fracture fragments into the correct alignment while the Techniques in Shoulder and Elbow Surgery nail is advanced (Fig. 6) . In some fractures, it is necessary to make an open approach to the clavicle to gain control of the distal fragment. A small incision is made at the level of the fracture. The approach is of sufficient size to access only the bone, which may be grasped with Kocher clamps. Stripping of the fracture fragments is avoided. If opened, it can be helpful to drill the distal fragment to facilitate passage of the nail. The nail is advanced across the fracture, and intramedullary positioning is confirmed on orthogonal fluoroscopic images.
The nail is advanced to the lateral end of the clavicle. The fracture will be reduced by the nail acting as an internal splint. The nail comes to rest in the posterior aspect of the lateral clavicle just medial to the acromioclavicular joint (Fig. 7) . The nail should not be allowed to penetrate the posterior cortex of the distal clavicle. The tip of the nail is cut medially leaving 3 to 5 mm of pin outside the cortical bone (Fig. 8) . To facilitate this through a small incision, the nail can be cut off at the skin surface before fully seating it, then driving it in another 8 to 10 mm with the tamps provided for this in the elastic nail set. Leaving the medial tip of the nail outside the bone facilitates removal of the implant at a later date if needed. The small entrance wound is closed in a single layer.
| AFTERCARE
The surgery is performed as an outpatient procedure. The arm is placed in a sling for a few days for support and comfort. Early range of motion is initiated immediately. Range of motion is advanced as tolerated with no restrictions. Strengthening exercises are started once fracture callus is noted on radiographs. Fracture union is usually seen at 6 weeks. If desired, the nail may be removed in the operating room when good callus has formed, usually 4 to 6 months after surgery.
| RESULTS
Anterograde percutaneous pinning has been the preferred method of fixation for those acute midshaft The average age of the patients was 26.9 years (range, 15Y59 years). In 14 fractures, reduction of the fracture and placement of the nail was successful closed. The remaining 10 patients required open reduction for passage of the nail across the fracture. Twenty-one of 24 patients were followed to radiographic and clinical healing, and 3 patients were lost to follow-up.
Both radiographic and clinical healing of the fracture was observed in all 21 patients with adequate follow-up. One patient had a delayed union as diagnosed by absence of bridging bone at 3 months after surgery. This fracture later healed by 5 months with no further intervention. Twenty of 21 patients were satisfied with their outcome and were without clinical deformity. Three malunions were seen. In 2 of the 4 patients with small diameter nails (2.0 mm), the nail bent before fracture healing, resulting in a modest apex superior angulation of the clavicle. These small diameter nails were placed before we began cutting the hook off the tip of the nail to allow implantation of larger nails, and we now attempt to place a nail with a minimum diameter of 2.5 mm in all patients. Neither of these 2 patients noticed the angulation clinically, and they were both satisfied with their outcomes. The third malunion resulted in significant shortening of a comminuted clavicle fracture after the pin backed out several centimeters. This was revised with open reduction and plating with placement of a structural allograft. Six of 21 patients underwent elective nail removal at a minimum of 3 months after surgery secondary to skin irritation at the entry site.
| CONCLUSIONS
Recent outcome studies have shown that displaced midshaft fractures of the clavicle have higher rates of fracture malunion, nonunion, and patient dissatisfaction than previously recognized with conservative treatment. Anterograde percutaneous pinning of displaced midshaft fractures is a safe means of minimally invasive fixation that minimizes the chance of malunion and nonunion while avoiding the complications of unsightly and painful scars, nonunion, and infection often associated with open reduction and internal fixation. The need for controlled, randomized studies to determine the best method of treatment of these injuries continues.
